Abstract: A rapid and efficient one-pot method for the synthesis of β-acetamido ketones/esters has been developed in the presence of bulk tungstophosphoric acid and its supported forms on activated carbon as recyclable and eco-friendly catalysts under refluxing conditions. Supported tungstophosphoric acid catalysts containing the same amount of heteropoly acid yielded much higher conversion than bulk form.
Introduction
β-acetamido ketones are useful intermediates in different organic syntheses due to their polyfunctional nature and presence in several bioactive compounds 1, 2 . They can be converted into 3-amino alcohols, which may be applied for the synthesis of various important antibiotics 3 . The most interesting reaction for the synthesis of these compounds is by multicomponent coupling involving aromatic aldehyde, ketone, acetyl chloride and acetonitrile as first reported by Iqbal and co-workers 4 . The best known route for the synthesis β-acetamido carbonyl compounds, is the Dakin-West reaction 5 , which involves the condensation of an α-amino acid with acetic anhydride in the presence of a base via an azalactone intermediate 6 .
Multicomponent coupling reactions 7 (MCRs) are attractive for parallel synthesis as large arrays of compounds with diverse substitution patterns can be prepared in one-step, often in high yields, under mild conditions. MCRs are powerful tools in modern drug discovery and allow fast, automated and high throughput synthesis of diverse structural scaffolds required in the search of novel therapeutic molecules.
Recently, a number of reports have been described on the synthesis of β-acetamido ketones through multicomponent condensation of aryl aldehydes, enolizable ketones, acetyl chloride and acetonitrile catalyzed by CoCl 3 12 .
Although some of these methodologies are efficient and provide the practical means for the synthesis of β-acetamido ketones, some of the reported methods suffer from drawbacks such as longer reaction times, tedious work up, higher temperatures, expensive catalysts, lower yields and requiring an inert atmosphere.
In recent years considerable emphasis has been focused on improvement in environmental impact of industrial processes. Solid acids can play a significant role in the development of cleaner technologies 13 .
Heteropoly acids are a group of inorganic polyacids, with a great applications in many areas, including technological, catalysis, chemical, medical and material science 14 . They are nonvolatile, inexpensive, low in toxicity, highly stable towards humidity, air stable and noncorrosive common inorganic acids and could be readily recycled and reused through a simple filtration and washing. These compounds can be used either directly as a bulk material or in supported form. The supported form is preferable because of its higher surface area compared with the bulk material (5-8 m 2 g −1 ) and better accessibility of reactants to the active sites. Acidic or neutral solids, which interact weakly with them such as silica, active carbon and acidic ion-exchange resins, have been reported to be suitable supports 15 . In addition, heteropoly acids are highly soluble in polar solvents and hence can leach from the catalyst surface to the reaction medium and catalyze the reaction homogeneously. Thus the preparation of heteropoly acid in supported form, which is active and stable in the presence of polar reactants, is essential to fully realize the potential of these materials as catalysts.
Using activated carbon as a support is widely known 16 , denoting properties such as their high surface area and pore volume 18 , chemical inertness, good mechanical and pH stability [16] [17] [18] . Thus, several studies have been carried out using activated carbon as supports of heteropoly acids 16, 19 .
Some of them have been focused in the study of the catalytic application on some liquid-phase reactions, while the others have tried to analyze the variation of the acidity strength of bulk heteropoly acid when supported on activated carbon. Most of these methods have been focused on the surface area of heteropoly acid and attention to the support has been ignored. Further, the performance of supported heteropoly acids on activated carbon in MCRs in one-pot syntheses has been largely overlooked. Based on our previous studies on the use of heteropoly acid catalysts for carrying organic reactions [20] [21] [22] [23] [24] [25] [26] , herein, we wish to report an efficient and convenient procedure for the one-pot synthesis of β-acetamido ketones and esters using tungstophosphoric acid as bulk and supported on activated carbon.
Experimental
Tungstophosphoric acid was synthesized according to the literature 27 . All of the chemicals were obtained from commercial sources. All yields were calculated from purified products. IR spectra were obtained with a Brucker 500 scientific spectrometer. 1 H NMR spectra were recorded on a FT NMR 300 HZ spectrometer. Melting points were obtained on a Electro thermal type 9100 apparatus.
Three types of activated carbon have been selected as supports for impregnation of heteropolyacids. Two samples are chemically activated and for their preparation, local anthracite is used. Mass ratio of chemical/anthracite R=2, activation temperatures of T=730 ºC and residence time of 2 h at final temperature have been studied. When activating agent was KOH, activated carbon abbreviated as AK and when it was NaOH, activated carbon abbreviated as AN. They prepared with anthracite ratio of 2.5/1 and pyrolyzed at 730 ºC for 2 h. The activated carbon with abbreviation of WS was prepared from walnut shell.
The porous texture of the supported AC and the precursor were characterized by a physical adsorption of gas of N 2 at 77 K in a volumetric equipments (Autosorb-1C). Before the adsorption tests, samples were outgassed at 473 K under vacuum during over 10 h. Apparent surface area was determined by applying the Brunauer-Emmett-Teller (BET) equation. The Dubinin-Radushkevich (DR) equation has been used to calculate the micropore volume, while the t-method of De Boer has been used to calculate the mesopore volume.
The catalysts were prepared by suspending a known amount of dried activated carbon powder in an aqueous solution of tungstophosphoric acid. Activated carbon was prepared by mixing of carbon powder with NaOH solution followed by the dropwise addition of aqueous HCl to a final acidic pH. The mixture was stirred with HNO 3 and then the precipitate was filtered, washed, dried and stirred with HNO 3 at 100 o C for 48 h. The obtained powder filtered and dried for another 8 h. They are abbreviated as: PAK, PAN and PWS (Abbreviations for supported H 3 [PW 12 O 40 ] on AK, AN and WS, respectively) .
General procedure
A mixture of ketone or methylacetoacetate (1 mmol), aromatic aldehyde (1.1 mmol) and acetyl chloride (4 mmol) in acetonitrile (4 mL) was made with a catalytic amount of H 3 [PW 12 O 40 ] as bulk and supported on activated carbon including : PAK, PAN and PWS at 80 o C. The progress of reaction was monitored by TLC and GC. After completion of the reaction, the mixture was poured into cold water, which resulted in precipitation of the desired β-acetamido ketones/esters. The precipitated solid was filtered and washed with diethylether. The pure product was obtained by recrystallization. The catalyst could be recycled after evaporation of solvent from the residue. The residue then washed with diethyl ether, dried at 130 o C for 1 h and re-used in another reaction. The recycled catalyst was used for three reactions without observation of appreciable loss in its catalytic activities.
Results and Discussion
The pure activated carbons dried at 120 o C were showed different surface areas, pore volumes, average pore diameters and densities. The structural characteristics of them are shown in Table 1 and N 2 isotherms are shown in Figure 1 . The pore volume distribution of samples is plotted in Figure 2 using HK methods 28 . The structural characteristics of supported samples are shown in Table 2 . As we can see, after impregnation of activated carbons with tungstophosphoric acid, surface area, pore volume and average pore diameters were decreased. This was due to the strong interaction of tungstophosphoric acid with the support, which reduces the surface area. N 2 isotherms and pore volume distribution of impregnated samples are shown in Figures 3 and 4 . 
Scheme 2
To study the effect of the catalyst on this reaction, 4-chlorobenzaldehyde was selected as optimized and model reactant and the yields of the products were obtained using different catalysts. The results are shown in Table 3 . As we can see the order of efficiency of Keggin heteropolyacids supported on actived carbon catalysts is as : PAK > PAN > PWS > H 3 PW 12 O 40 . Also time of reaction is lower in the presence of PAK. It is difficult to clarify the different activity between these anions clearly. Obviously there is a complex relationship between the activity and structure of polyanions and supports. It is suggested that the presence of both Bronsted acidity and surface area in the mentioned heteropolyacids, are responsible for catalytic activity of them. The greater surface area may provide many sites for catalytic reaction and can reduce reaction time.Thus, PAK heteropolyacid, were selected as the catalysts of choice for the synthesis of the other β-acetamido ketones/esters. Data are shown in Table 4 . 
Yield mentioned to the isolated products
To determine the optimum amount of catalyst, β-acetamido-β(4-chlorophenyl) propiophenone (Table 4 , Entry 1), was selected as optimized and model product with the best yield, in the presence of PAK heteropolyacid (1%, 2% and 3 mol %). The results are shown in Figure 5 . It is clear that the yields depend on the amount of catalyst and the optimum amount is 2 mol % for all derivatives. Increase in this amount has not any effect on the obtained yields. 
Conclusion
In conclusion, we have reported a new catalytic method for the synthesis of β-acetamido ketones/esters using PAK, PAN and PWS as efficient, reusable and eco-friendly heterogeneous catalysts. The advantages of this method are reusability of catalysts, easy work-up procedure and high yields. Simple experimental procedure as well as high yield and selectivity, makes this method useful addition to the methodologies that require green super acid solid catalyst.
